INTRODUCTION
Streptococcus pneumoniae is an important pathogen responsible for several invasive and non-invasive bacterial diseases, such as meningitis, pneumonia and otitis media. The polysaccharide capsule is considered to be the major virulence factor and .90 serologically distinct capsules have been identified (Kim et al., 1999; Park et al., 2007) . Although polysaccharide capsules have long been known to be essential for pathogenicity, some S. pneumoniae isolates were found not to be reactive to typing sera. These non-typable (NT) S. pneumoniae isolates were associated with infectious conjunctivitis, otitis media and even invasive pneumococcal disease (Hathaway et al., 2004; Ko et al., 2005; Marsh et al., 2010; Onwubiko et al., 2007; Xu et al., 2011) .
Two recent independent studies have identified a novel gene, pspK (nspA), in some NT S. pneumoniae isolates (Park et al., 2012; Salter et al., 2012) . pspK, which stands for pneumococcal surface protein Korea [or NT pneumococcal surface protein A (nspA)] encodes a 534 aa polypeptide with an N-terminal signal peptide, a long central a-helix region and a C-terminal LPXTG motif (Park et al., 2012) . As the predicted protein contains a conserved KRNYPT motif, it may have a function similar to that of the CbpA protein, which binds to the human polymeric Ig receptor (hpIgR) (Salter et al., 2012) . CbpA-hpIgR binding may lead to adhesion of the pathogen to the epithelium and to its internationalization. The critical function of this binding in colonization was also identified in in vivo experiments using mice (Park et al., 2012) . Subsequent studies showed that PspK also plays a role in S. pneumoniae colonization of mice, increasing its adherence to epithelial cells (Keller et al., 2013) . Although PspK may not be involved in invasion, it may augment the persistence of NT S. pneumoniae within the nasopharynx.
So far, pspK has been reported in NT S. pneumoniae isolates from South Korea, Thailand and the Netherlands (Park et al., 2012; Salter et al., 2012) . pspK was identified in a restricted clade, NCC1 (null capsule clade 1) or ST1106 and its relatives, in one study in which only NT pneumococcal isolates from South Korea possessed pspK (Park et al., 2012) . However, pspK was not restricted to a single lineage in a second study (Salter et al., 2012) .
In this study, we investigated the prevalence of pspK in NT S. pneumoniae isolates from 11 Asian countries. In addition, the antimicrobial resistances and genotypes of NT S. pneumoniae isolates harbouring pspK and the structural variation in the pspK genes were also explored.
METHODS
A total of 120 NT S. pneumoniae isolates were collected from 11 Asian locales: mainland China, Hong Kong, India, Korea, Malaysia, the Philippines, Saudi Arabia, Sri Lanka, Taiwan, Thailand and Vietnam (Table 1 ). All S. pneumoniae clinical isolates were taken as part of multicenter surveillance studies of the Asian Network for Surveillance of Resistant Pathogens with consistent criteria between countries (Song et al., 2004; Kim et al., 2012) ; 52 NT isolates were collected from 2000 to 2001 and 68 NT isolates were collected from 2008 to 2009. NT isolates were identified by serotyping using the capsular Quellung method using commercial antisera (Statens Serum Institut). MLST analyses were performed to distinguish S. pneumoniae from other closely related species in the 'mitis group', such as Streptococcus mitis, Streptococcus oralis and Streptococcus pseudopneumoniae (Enright & Spratt, 1998; Hanage et al., 2005) . Authentic pneumococcal isolates were identified based on the criteria of Hanage et al. (2005) , in which non-pneumococcal isolates showed ¢5-10 % sequence divergence of concatenated sequences of MLST loci excluding the ddl gene from authentic pneumococcal isolates. In Pearson's x 2 -test was used to determine the significant differences in antimicrobial resistance using SPSS version 11.5 for Windows (SPSS).
Genotypes of NT S. pneumoniae isolates positive for pspK were determined using MLST and PFGE. All MLST data, including newly identified sequence types, were submitted to the S. pneumoniae MLST database (http://pubmlst.org/spneumoniae/). For PFGE, genomic DNA was digested using SmaI. The restriction fragments were separated by PFGE using a temperature-controlled CHEF DR III system (Bio-Rad). pspK was identified with PCR using the primer set 5743 (forward)/3743 (reverse), as described previously (Park et al., 2012) . The primary structure of pspK was also determined by sequencing it using previously published techniques and primers for all pneumococcal isolates harbouring pspK (GenBank accession numbers KP762519-KP762537) (Park et al., 2012) .
RESULTS
Amongst 120 NT S. pneumoniae isolates collected from 11 Asian countries, pspK was detected in 19 isolates (15.8 %) from seven locales (Table 1) . Eight pspK-positive isolates were identified in Thailand (42.1 %) and four isolates from Vietnam (22.2 %) were also positive for pspK. Two pspKpositive isolates were identified from both Korea (8.7 %) and Hong Kong (11.8 %), and one each from the Philippines, Saudi Arabia and Taiwan. No pspK-positive NT S. pneumoniae isolates were found in mainland China, India, Malaysia or Sri Lanka (Fig. 1 ).
Antimicrobial resistances of NT S. pneumoniae isolates investigated in this study are shown in Table 2 . Only between one and six NT isolates were resistant to amoxicillin, ceftriaxone, levofloxacin, moxifloxacin and ciprofloxacin. However, 26.7-45.8 % of NT isolates were resistant to penicillin, cefuroxime, erythromycin, azithromycin, clarithromycin, clindamycin or trimethoprim/sulfamethoxazole. Although pspK-positive NT S. pneumoniae isolates showed higher resistance rates towards these antimicrobials than pspK-negative NT isolates did, the differences were not significant statistically except for trimethoprim/sulfamethoxazole (P50.031). However, the MIC 50 values were higher in pspK-positive isolates than in pspK-negative isolates for most antimicrobial agents.
Amongst 19 pspK-positive NT S. pneumoniae isolates, 11 sequence types could be identified, including newly identified sequence types (Table 3 ). ST310 and ST393 were single-locus variants of each other differing in aroE, and ST970 and ST4136 also differed in one locus, gki. Of these, ST1106 was identified in seven pspK-positive isolates from Korea, Taiwan and Vietnam. ST823 was identified in two isolates from Hong Kong. Three isolates from Thailand belonged to ST310 or ST393. In addition, the related sequence types ST970 and Table 2 . 
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Microbiology 161 ST4136 were from Thailand. PFGE analysis was performed for eight ST1106 S. pneumoniae isolates (the seven pspKpositive isolates and one pspK-negative NT isolate from Taiwan) (Fig. 2) . Four ST1106 isolates from Vietnam showed identical restriction patterns and an isolate from Taiwan (Tw03-93) also showed a PFGE pattern highly similar to them. Their PFGE patterns were different from ST1106 isolates from Korea. Restriction patterns differed between Taiwanese ST1106 isolates with and without pspK. All but one ST1106 NT isolate showed non-susceptibility to penicillin, and all isolates were resistant to cefuroxime, erythromycin, clindamycin and trimethoprim/sulfamethoxazole (Table 3) . However, two ST310 isolates from Thailand were susceptible to all of the antimicrobial agents tested in this study. Fig. 3 shows the structure of pspK in 19 pspK-positive NT S. pneumoniae isolates. The structure of pspK was similar amongst all isolates but one, i.e. P05-11 from the Philippines. The pspK gene consists of a signal peptide, an a-helical region and an LPxTG motif. Of these, the signal peptide and the LPxTG motif showed no variation between isolates. Length differences were identified in the a-helical region, which consists of a pspC R1-R2-like region including a YPT motif and a repetitive region (E)EEAK(R/Q)KA. The P05-11 pspK gene did not have the pspC R1-R2-like region including the YPT motif. Although the pspC R1-R2-like region of most isolates encoded 66 aa, several isolates differed: Tw03-93 from Taiwan, 127 aa; V01-27 from Vietnam, 96 aa; SA01-45 from Saudi Arabia, 65 aa; V01-29 from Vietnam, 46 aa. Although repeat number in the repetitive region (E)EEAK(R/ Q)KA varied from three (108 from Thailand) to 38 (Th02-144 from Thailand), most isolates had from 23 to 26 repeats.
In a previous study, the number of repeat units within the protein varied between three and 27 repeats (Salter et al., 2012) . P05-11, which has no pspC R1-R2-like region, has only six repeats. Seven isolates of ST1106 also showed variations in both the length of the pspC R1-R2-like region and the number of repeats in the repetitive region (E)EEAK(R/Q)KA. In addition, Th01-98 and Th01-110, both of which belonged to ST310, also showed variation in repeat number for (E)EEAK(R/Q)KA.
DISCUSSION
In a previous study, nine out of 13 NT S. pneumoniae isolates from Korea belonged to a novel clade, NCC1, and contained the pspK gene in the cps locus (Park et al., 2012) . In another study, 12 out of 18 NT S. pneumoniae isolates from Thailand harboured nspA (pspK), as did two out of nine isolates from the Netherlands (Salter et al., 2012) . In these studies, pspK was not identified in any NT pneumococcal isolates from the USA, Brazil, Denmark, the Gambia and the UK.
In this study, we found that NT S. pneumoniae isolates that carry pspK are distributed across several Asian countries, including Hong Kong, Korea, the Philippines, Saudi Arabia, Taiwan, Thailand and Vietnam. It has been reported that pspK is important in the colonization of S. pneumoniae (Keller et al., 2013; Park et al., 2012) . Features such as this that enhance the persistence of NT isolates within the nasopharynx may provide a selective advantage in the emergence of clonal S. pneumonia in several countries.
MLST analysis showed that NT S. pneumoniae pspKpositive isolates represented diverse genotypes, suggesting that they emerged independently. However, ST1106 was found simultaneously in three countries: Korea, Taiwan and Vietnam. Seven ST1106 isolates showed similar PFGE patterns and antimicrobial resistance profiles, i.e. they were all resistant to erythromycin, azithromycin, clarithromycin, clindamycin, and trimethoprim/sulfamethoxazole, and all but one were also resistant to cefuroxime. Thus, it is considered that ST1106, with the selective advantage of antimicrobial resistance, disseminated across the countries.
Several genotypes identified in this study have been reported previously (http://pubmlst.org/spneumoniae/). ST9727 and ST4136 have been reported from Jordan and Thailand, respectively, and were NT as in our study. ST1106, which was distributed in three countries, had been identified in isolates from the USA and Saudi Arabia. Whilst an isolate from Saudi Arabia was NT, one from the USA was typed as serotype 14. ST310 and ST393, closely related clones, had been identified in many countries of Europe, the Middle East, East Asia, Africa, Australia and North America. Most of them represented serotype 38, and only a few isolates were NT. Although it is likely that the isolates described as ST310 and ST393 in this study may be serotype 38, cps loci of our isolates were interrupted by the pspK gene. Thus, it is more plausible to infer that isolates used to have an intact cps locus have become NT by interruption of the pspK gene. The basic structure of pspK was preserved in most Asian NT pneumococcal isolates except one, suggesting that PspK may function in pneumococcal colonization. However, variations were found in the numbers of amino acids coded in the pspC R1-R2-like region and in the number of repeats of the repetitive region (E)EEAK(R/Q)KA. Even the isolates belonging to the same clone (ST1106) showed variation in the R1-R2 region. Such variations might readily arise from either insertions in or deletions of the DNA and are considered to reflect the phylogenetic relationships amongst the isolates.
In summary, we identified that NT S. pneumoniae isolates positive for pspK are distributed across several Asian countries. Although most might emerge sporadically, an antimicrobial-resistant clone such as ST1106 may have disseminated across several countries. We also found that the basic structure and size variations of pspK were preserved. As it is hypothesized that pspK is important for the persistence of NT isolates within the nasopharynx, continuous monitoring on the presence of pspK and its variation is required. Fig. 3 . Structure of pspK of 19 NT S. pneumoniae isolates positive for pspK. The structure of two pspK-positive isolates from Hong Kong could not be determined. The structure of a reference strain from Korea (MNZ37) is also shown (Park et al., 2012) .
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